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Abstract: A wireless passive pressure sensor equivalent to inductive-capacitive (LC) resonance 
circuit and based on alumina ceramic is fabricated by using high temperature sintering ceramic and 
post-fire metallization processes. Cylindrical copper spiral reader antenna and insulation layer are 
designed to realize the wireless measurement for the sensor in high temperature environment. The 
high temperature performance of the sensor is analyzed and discussed by studying the 
phase-frequency and amplitude-frequency characteristics of reader antenna. The average frequency 
change of sensor is 0.68 kHz/℃ when the temperature changes from 27℃ to 700℃ and the 
relative change of twice measurements is 2.12%, with high characteristic of repeatability. The study 
of temperature-drift characteristic of pressure sensor in high temperature environment lays a good 
basis for the temperature compensation methods and insures the pressure signal readout accurately. 
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1. Introduction 
Pressure signal acquisition has been greatly 
demanded in harsh environment, featuring turbine 
engine design, and petroleum exploration, whereas 
all of them require the sensor capable of operating at 
more than 200 ℃ [1–3]. Existing sensors are able to 
meet the requirements in the measuring range, 
frequency response, and accuracy, while they can 
only play roles in some of “moderate” environments 
[4, 5]. For now, the pressure sensor application is 
still deficient in at least the following two aspects, or 
just meets the minimum demands: one is ultra-high 
temperature environment, the other is metallic 
environment, which causes serious electromagnetic 
interference. Currently, pressure sensors applied for 
high temperature have been carried out in-depth 
research, including silicon on insulator (SOI) high 
temperature pressure sensor [6, 7], SiC high 
temperature pressure sensor [8], silicon-sapphire 
pressure sensor [9], fiber optic pressure sensor [10], 
[11], surface acoustic wave (SAW) pressure sensor 
[12, 13], and the pressure sensor equivalent to 
inductive-capacitive (LC) resonance circuit based 
pressure sensor [14–16]. 
A pressure sensor based on LC resonance circuit 
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uses alumina ceramic as the sensor substrate, which 
can survive in high temperature above 1000℃. The 
sensor is under test at different temperatures to 
analyze and discuss the impact on the pressure 
signal readout, which provides valuable reference to 
the research of temperature compensation. 
2. Working principle 
The pressure sensor can be considered as an LC 
resonance circuit, which consists of inductance 
connected in series with capacitance and resistance. 
Ls is inductance coil, Rs is equivalent resistance, and 
Cs is variable capacitance that responses to outer 
pressure. The resonance frequency of sensor ƒ0 and 
quality factor Q, neglecting the parasitic capacitance, 










                (2) 
The wireless sensing scheme is presented here 
by utilizing near-field magnetic coupling between 
the reader antenna and sensor. By extracting a 
certain impedance characteristic parameter 
(amplitude and phase), the variation of sensor 
frequency can be detected with high resolution. The 
equivalent wireless coupling circuit is shown in   
Fig. 1, where La is the inductance of antenna coil, Ra 
is the equivalent resistance of antenna, and M is the 
coefficient of mutual inductance between reader 
antenna and sensor. 
 
Fig. 1 Equivalent circuit of wireless coupling scheme. 
3. Design and fabrication 
The pressure sensor was fabricated separately by 
using high temperature ceramic sintering and 
post-fire metallization process. ESL 44007 green 
tape was chosen as the sensor substrate, and ESL 
9598-G cermet silver/platinum conductor was 
selected as the screen printing paste. The properties 
of green tape composed of 99 percent alumina are 
listed in Table 1. The main fabrication process of the 
pressure sensor can be roughly divided into 
punching, via filling and carbon membrane filling, 
lamination, high-temperature sintering, screen 
printing, and low temperature sintering as shown in 
Fig. 2. A punching machine was used to drill a cavity 
in Layer 2 and via holes in all three layers firstly. 
Next, via holes were filled with metal paste to 
achieve electrical connection throughout the 
multilayer tapes. After via holes filling, Layers 2 and 
3 were precisely stacked by the collating machine. 
Then, a carbon membrane that had the same 
dimensions as the cavity was placed into the cavity 
of the stacked two-layer substrate to support the 
pressure-sensitive membranes avoiding from 
collapsing and cracking during the lamination 
process. After carbon membrane filling, all three 
layers were stacked together to form a complete 
cavity. Then, the ceramic tape was placed into the 
lamination machine under a pressure of 21 MPa and 
a temperature of 70℃ for 20 minutes to make the 
multilayered tapes sufficiently bonded. Finally, the 
laminated substrate was sintered in a furnace at 
temperature of 1500℃ for 2 hours. It should be 
noticed that in the high temperature sintering 
process, with an adequate temperature-time curve, 
the carbon membrane would volatilize through the 
apertures of the ceramic tapes and the cavity would 
remain intact. After sintering the alumina substrate 
embedded with air cavity, the inductor and capacitor 
patterns were printed on the surface of substrate by 
the screen-printing technique. Afterwards, the 
semi-finished sensor was placed into a furnace at 
125℃ for 15 minutes to dry the metal paste and 
sintered at peak temperature of 850℃  for 10 
minutes. The profile of sensor structure and 
fabricated pressure sensor with thickness of 0.38 mm 
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Table 1 Characteristics of the ESL 44007 green tape. 
Quantity Value 
Unfired thickness ~200 m 
Tape uniformity 150±10% 
X, Y shrinkage 15.8±1% 
Relative permittivity (25℃, 1 MHz) 9 
Dielectric loss (25℃, 1 MHz) 0.0001 
Punching






















Fig. 2 Fabrication process of pressure sensor. 
 
Fig. 3 Profile of pressure sensor structure and fabricated 
pressure sensor. 
To wireless coupling with the sensor, a proper 
reader antenna was designed to enhance the sensing 
distance and signal strength of sensor. Copper was 
used to enwind as a cylindrical spiral antenna owing 
to the characteristics of low cost and excellent 
mechanical and electrical performance. 
High temperature would change some 
characteristic parameters of reader antenna 
(inductance, resistance, etc.), thus affecting the 
signal readout of the sensor (signal strength and 
frequency deviation, etc.). To improve the accuracy 
of sensor signal measurement, an insulation layer 
was designed to insure that the reader antenna was 
working in a normal temperature range, and 
therefore, minimized the influence of reader antenna. 
The sensor was put in the high temperature zone 
while spiral antenna was placed in the room 
temperature zone, and two of them were separated 
by the insulation layer. The schematic diagram is 
shown in Fig. 4. 
 
Fig. 4 Schematic of wireless coupling measurement. 
4. Measurement and discussion 
The high temperature performance of sensor 
measurement system is shown in Fig. 5. Muffle 
furnace worked as a heat source in atmospheric 
environment. Impedance analyzer was used to detect 
the phase-frequency and amplitude-frequency 







Fig. 5 High temperature measurement system of pressure 
sensor. 
The sensor was measured at a distance of 10 mm 
(maximum measurement distance is 50 mm) away 
from reader antenna to get a clear frequency peak 
signal. Figure 6 presents the temperature of the 
insulation layer at different sides. The temperature 
rises uniformly inside the muffle furnace, while the 
outside of furnace goes up slowly, which ensures the 
accuracy readout of sensor signal. 
The amplitude and phase of reader antenna 
corresponding to frequency are presented in Figs. 7 
and 8 respectively when temperature rose from   
27 ℃  to 700 ℃ . The resonant frequency and 
coupling strength of pressure sensor decreased when 
the temperature increased. The average change in 
the resonance frequency versus temperature was    
0.68 kHz/℃, namely zero drift 0.68 kHz/℃. 


























Fig. 6 Inner and outer temperature of insulation layer. 
 























Fig. 7. Amplitude-frequency characteristic of reader antenna 
at different temperatures. 
 























Fig. 8 Phase-frequency characteristic of reader antenna at 
different temperatures. 
With the evaluated temperature, the alumina 
ceramic relative permittivity increased, thus 
increasing the Cs, while inductance Ls merely 
changed due to the low coefficient of thermal 
expansion of alumina ceramic. Therefore, the 
resonant frequency of the sensor changed 
accordingly with the temperature according to (1). 
The inductive-capacitive resonance circuit was 
formed by the silver conductor. The resistivity of 
silver changes with temperature and can be 
expressed as 
1 2 1 2[ ( )]R R a T T             (3) 
where R1 is the resistivity value adjusted to T1, R2 is 
the resistivity value known or measured at 
temperature T2, a is the temperature coefficient, for 
Ag being 0.0038, T1 is the temperature at which 
resistivity value needs to be known, and T2 is the 
temperature at which known or measured value was 
obtained. The resistance of the sensor at 27℃
measured by a multimeter is 5.7 Ω; by using (3), the 
resistance of the sensor at 700℃ is 14.58 Ω. The 
increased resistivity causes a decrease in Q value, 
which will make the coupling strength gradually 
weakened and the frequency curve unrecognizable. 
When the muffle furnace cools down while other 
conditions remain unchanged, rise temperature to 
700 ℃  again to proceed repetitive experiment. 
Figure 9 represents the extracted value of resonant 
frequency of sensor versus temperature. From the 
second measurement result, zero drifts was        
0.7 kHz/℃, with a good repetition compared with 
the first time. 
 





















Fig. 9 extracted resonant frequency of senor versus 
temperature. 
5. Conclusions 
The wireless passive pressure sensor based on 
alumina ceramic is presented here to analyze its high 
temperature performance. The insulation layer was 
designed to ensure the stability of reader antenna in 
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high temperature and improve the reliability of the 
performance of sensor in high temperature. When 
the temperature rose, the resonant frequency of 
sensor decreased with a trend of quadratic curve, 
and the coupling strength decreased gradually. 
Through experimental analysis, zero drift has great 
impact on the accuracy of sensor signal readout, and 
it is mainly affected by the relative permittivity of 
alumina ceramic and the resistivity of silver 
conductor. Zero-drift could be eliminated by 
improving the sensitivity of pressure sensor or 
putting forward a kind of temperature compensation 
algorithm to reduce the impact on the pressure 
signal readout. 
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